A series of diterpenes were isolated from the fermentation broth of a fungus, Oidiodendron griseum CL37215. The diterpenes were identified as LL-Z1271 a, LL-Z1271/, 445 , PR 1388, CJ-14,604 and a new diterpene, CJ-14,515. They inhibited both lipopolysaccharide-induced interleukin-lj8 and tumor necrosis factor-a production in human whole blood with IC50s of the range from 0.049 to 100 [IM.
Cytokines are produced by a variety of different cell types and act on nearly every tissue and organ1-1. Among identified cytokines, interleukin-1/3 (IL-1/3) and tumor necrosis factor-a (TNF-a) share many properties of immunoregulation and other physiological conditions such as inflammation. Antagonism of IL-1/3 and TNF-a with the use of natural IL-1 antagonists, soluble receptors, neutralizing antibodies and cytokine production inhibitors has been proven to be beneficial to treatment of inflammatory diseases in animal models and human1~9).
However, their protein-based modulators are unlikely to feasible because of development of immunogenicity and lack of oral availability.
Currently available low molecular inhibitors have adverse side effects and poor bioavailability. Consequently, there is still a need for safe and oral active compounds having excellent antagonism of IL-1/3 and TNF-a such as their receptor antagonists, production inhibitors and signal transduction inhibitors.
In a screening program designed to discover new inhibitors of cytokine production, a fungus Oidiodendron griseum CL37215 was found to produce a series of diterpenes showing inhibitory activities for IL-1 /3 and TNFa production. In this paper, wedescribe the taxonomy of pp.697 -702 the producing microorganism, and the fermentation, isolation, structure elucidation and biological activities of the diterpenes.
Results

Taxonomyof the Producing Microorganism
The cultural characteristics of the strain CL37215 are shown in Table 1 They were produced basipetally, maturing from top to bottom, arthrosporic in conidiogenesis. Chlamydospores were not produced. On potato dextrose agar, the morphological properties were similar to those on malt extract agar except that the conidiophores were generally shorter, and the conidia were shorter and narrower, measuring 3.0-6.0X 1.6-3.0jim.
The strain could grow well at 20 and28°C butnot at 37, 45 and 50°C.
The strain CL37215 was characterized by the slow growth; the olive-gray to dark olive-gray colonies; the olivaceous black to black colony reverse; and the smooth to finely roughened, one-celled, olivaceous conidia which were arthrosporic in nature. It grew well at 20 and 28°C but not between 37 and 50°C. These features fitted into the description of Oidiodendron griseum Robak in the general characteristics of morphologies and the cultural properties10).
Minor differences were noted. Some conidiophores were taller and wider, and some conidia were barrel-shaped in addition to being oval to elliptical and were slightly larger SEPT. 2001 than those of the strains of O. griseum. As most species of Oidiodendron exhibited a wide range in conidiophore dimensions and conidial shapes, these differences were considered as minor variations. Thus, the strain CL37215 was considered as a new strain of O. griseum Robak. It was deposited as FERMBP-5778 at the National Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology (Tsukuba, Japan).
Isolation
The fermentation broth (12 liters) treated with the same volume of EtOH was filtered with the aid of celite. The filtrate was concentrated to an aqueous solution (1 liter), and extracted 3 times with the equal volume ofEtOAc. The combined organic layers (3 liters) were evaporated under reduced pressure to yield an oily residue (2.8g). The residue was dissolved in small volume of MeCN and centrifuged at 2,000 rpm. The precipitate and supernatant portions were individually applied to preparative HPLCon an ODS column (YMC-pack ODS AM-343, 20X250mm, 
Structural Elucidation
The structure of CJ-14,515 was speculated by the comparison of its spectral properties with those of PR 1388. The UV spectrum showed maximum absorption at 225nm, suggesting the presence of a,/?-unsaturated lactone. The IR absorption bands at 1,770 and 1,694cm"1 implied the presence of y-and 5-lactone, respectively. The HRFAB-MSgave a parent ion peak at m/z 305.104 [(M-H)~; calcd. for C16H17O6, 305.099], indicating the loss of CH2. The *H and 13C NMRspectra showed that its structure was similar to that of PR 1388U), except for the absence of CH at C-13 and CH3 at C-17. On the hypothesis that the proton and carbon signals of hemiacetal methine were not observed in the NMRmeasurement, we proposed the hemiacetal structure of CJ-14,515 as shown in Fig. 1 . This structure was proved by the hydrolysis of PR 1388. PR 1388 was hydrolyzed in a 3 : 1 : 1 mixture ofAcOH, H2O and THF at 70°C and the isolated compound was compared with CJ-14,515. Both compounds gave identical *H NMRspectra. Thus, the structure of CJ-14,515 was determined as shown in Fig. 1 , although the configuration of the hydroxyl group remains to be elucidated. The physico-chemical properties of CJ-14,5 15 were previously disclosed in our patent literature12).
Biological Properties
As shown in Table 2 , the diterpenes inhibited both IL-1/3 and TNF-a production with IC5Os of the range from 0.049 to 100 jim. They showed weaker inhibitory activity against leucine uptake than IL-1/3 and TNF-a production inhibition.
Discussion
We isolated 6 diterpenes, LL-Z1271a, LL-Z1271/, CJ- Table 2 . IC50 values of the diterpenes for IL-l/J production, TNF-a production and leucine uptake. Each value is an average of triplicates. during the total synthesis of LL-Z1271a15). These diterpenes inhibited IL-l yS and TNF-a production and were less effective, against general protein synthesis in human whole blood. LL-Z1271a showed the most potent and selective inhibition against IL-1/3 production (IC50=0.049 /jm, 60-fold vs. TNF-a production and 220-fold vs. leucine uptake). Epoxidation of the double bond between C-7 and C-8 in LL-Z1271 a reduced the inhibitory activity against IL-1/3 production (PR 1388). The selectivity ofLL-Z1271 a against IL-1/3 production was changed by substitution at C-13 position (e.g., LL-Z1271/ and CJ-14,515). Cleavage of the /-lactone ring resulted in a remarkable decrease of the activities (CJ-14,604) . The preliminary structure-activity relationships (SAR) study of isolated diterpenes suggests the followings: 1) the methoxy group at C-13 and the double bond between C-7 and C-8 critically participate in the potent inhibitory activity against IL-1/3 production, 2) the C-13 position is important for the selectivity between IL-1/3 and TNF-a production, and 3) the /-lactone moiety is essential for the activities. The understanding of the SAR on the diterpenes may provide useful information on designing a new type of IL-1/3 and/or TNF-a production inhibitors.
Experimental
General Spectral and physico-chemical data were obtained on the following instruments: Uy JASCO Ubest-30; IR, Shimadzu IR-470; NMR, JEOL JNM-GX270 updated with an LSI-ll/73 host computer, TH-5 tunable probe and version 1.6 software; FAB-MS, JEOL JMS-700; Optical rotations, JASCO DIP-370 with a 5-cm cell. SEPT. 2001 
Producing Microorganism
The producing microorganism CL37215 was isolated from a soil collected in Tsu, Mie Prefecture, Japan. The culture was single-block or smear inoculated from a block or a spore suspension of malt extract agar slant onto plates of identification media. The plates were incubated at 25°C for 14days under complete darkness. Then, the observations were made for cultural characteristics and temperature studies. The colors were determined by comparisons with color chips from Color Standards and Color Nomenclature16). For the identification of the fungus, the following media were used: cornmeal agar17), Czapeksucrose agar18), malt extract agar18), glucose agar (glucose 50g, monobasic potassium phosphate 1 g, magnesium sulfate 0.5 g, potassium nitrate 2 g, agar 20g and distilled water 1 liter), oatmeal agar (oatmeal 30g, agar 15g and distilled water 1 liter), phytone yeast extract agar (BBL Microbiology Systems), potato dextrose agar (peeled potato 100g, dextrose lOg, agar 20g and tap water 1 liter), and V-8 juice agar (ATCCmedium 34319)). The growth range of temperature was determined on malt extract agar.
Fermentation
The strain CL37215 was maintained on a potato dextrose agar slant (Difco Laboratories, Detroit, MI, USA). A vegetative cell suspension from the slant was used to inoculate into a 500-ml Erlenmeyer flask containing 100 ml of a seed medium(potato dextrose broth 2.4%, yeast extract 0.5% and agar 0.1%). The flask was shaken at 26°C for 4 days on a rotary shaker (7-cm throw at 210 rpm). Five ml of aliquots were inoculated into four 500-ml flasks containing 150ml of the seed medium, and shaken at 26°C for 4 days.
The second seed cultures were inoculated into four 6-liter jar fermentors containing 3 liters of a production medium ( containing 5% CO2. TNF-a content was assessed with the L929 cytotoxicity assay. L929 cells (2.5X 104 cells) in 90 /xl of E-MEMmedium containing 1% fetal calf serum and 0.5 /zg/ml of actinomycin D (Sigma, St. Louis, MO, USA) were placed per each well in 96-well microplates. An aliquot (10 jii\) of the supernatant was added to each well and incubated for 1 8 hours at 37°C in a humidified atmosphere containing 5% CO2. After the incubation, the plates were rinsed with PBS(-) and stained for 10 minutes with 0.4% crystal violet in MeOH. The plates were washed with distilled water and dried. Fifty jj\ of methanol was added to each well to dissolve the crystal violet, and the plates were read on a microplate reader (Model 3550, BIO-RAD Laboratories, Hercules, CA, USA) at 595 nm.
IL-1 /3 Production Assay
IL-l/J levels in the supernatants prepared by the same method as the TNF-a assay were analyzed by an ELISA method using an IL-1/3 assay kit (Japan Immunoresearch Laboratories Co., Ltd., Takasaki, Japan).
Leucine Uptake Assay
Ten ml of heparinized human whole blood was centrifuged at 1,400 rpm for 5 minutes and then plasma was removed.After the human whole blood obtained were dispensed into a 250-ml tube, 90ml of 0.83% NH4C1 was added to the tube and then the tube was kept for 30 minutes on ice. After the tube was centrifuged at 1,400rpm for 5 minutes, the supernatant was decanted. The cells were 701 suspended in 30ml of 0.83% NH4C1and kept for 10 minutes on ice. Again, the tube was centrifuged at 1,400 rpm for 5 minutes and then the supernatant was decanted.
The cells were washed with PBS(-) followed by centrifugation at 1,400rpm for 5minutes, and then the supernatant was decanted. To the cell pellet, the plasma and leucine-free MEM supplemented with penicillinstreptomycin and L-glutamine were added (the total volume 9 ml). After phytohemagglutinin (Sigma) was added to the cell suspension (the final concentration of lO /ig/ml), the suspension was dispensed into 90^1 per each well in 96well microplates. Then, 10/xl of each sample was added into each well. The microplates were incubated overnight at 37°C in a humidified atmosphere containing 5% CO2prior to the addition of 3.7kBq of [3H]leucine (New England Nuclear, Boston, MA, USA) diluted with leucine-free MEM. After incubation for 4hours at 37°C, the cells in each well were transferred to glass filter membranes (Wallac, Turku, Finland) using a micro cell harvester (Micro96 Harvester, SKATRON Instruments AS, Lier, Norway). The radioactivity was counted in a scintillation counter (1205 Betaplate, Wallac).
